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&5a%mco pe~e3ndScnPar axis a f  a bsma 

~*tsh.ml. reaction at en$ s of a b ~ m  

1ElEk3mP z?ea~tion aL c-?n4 d of o ~BZGO 

mmnt at any lmsitio.n x &bang &fie b-e~~ 

mmnt at and n aP a bm 

wmn% at; end .cP, of e b 

h a d  $n a b&m 

angular ra@t%on 

roti3f;bn at @ad t Q ~ E T  s 

s r n t a t b n  8% end 4 sf: a; baa 

bWr& CZIBflecaon IL end d of o Ism 

bW hn&h of" a tiem 
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f3.s~ %on@& af a bu%-I%-w belw (&a@ P9gu.2~  2) 

%F1 , 
-& of imrtikh of th3 mt3d aeew~1. UP a bra- &* &?a 

mc3.s txgb catmid  ad" %Q b ~ m  



w r  fmbar (me paga 2) 





s t r ; c m  i n  tb. *mat 3.i&&rjbs &t abOItt the dwelog 

of betap B W b b  & Z d  6w.t Xi@%- ~f *$@ 

Whsn P strtac- &s mb$ected to high ad.T stress, it beeosss 1 
stresses. Prior t o  1932 the ww that'exbted far 

su& - o @01utA~n we= tedioms for t h ~  a31 SnoloZ%md tihe solutltanr 

P W  end ISmEmt* 

agabmt rotat-On. The firing enQ maen12;8 .ore oauelly 
the f i e A  I 





gteft total clP all. the. @*tUtmsse f~ctcws of call the me*= 

?meting at t b  joint. The sma of the disW%but%on factors of a U  

~ 1 d  %a %ranelate btzt not %a r&ak, ?he Pkbag &nd sa~olarrsatw 

&awemb as f :e3h,  T h e  9ms re2e-d aad C b  ~~ 
1 . '  " - -..I 

raart 3s &atribuWt to Ulo rmb.fi t o  the join& pii-w 
L 

tha $ob% 4 of a &P gim rim to s namlrt at the far esad a$ 

the wmbz- &it& 'can be ob-d by xaXt%plgi& the newly aquimd 

mmnt by t3., +mr indm. Ue then gqTmeed to inothar joint 

becme? ag&i ~ a m e  of the mmenta that haw beem 
4 

carisdo*ar.to tbe joint. ~ 5 i s  ~ o n d i t ~ l o ~  IS tw, in of 



a n d t b s t n r t s z x i m r r ~ r r t o ~ a m i w t - m i s t h a o b ~ ~ a i ~ ~ t b i ,  

f%J&lg crsPd lncmmt, &sts2brm*d #ilfzmHtb, and tBe m - m f  

mmeaia exbUng at the part&cdLar sad of the mmber in question. 

T o a a u p b ~ ~ * e ~ e e t h e p s t h o d M ~ ~ ~ ( ~ s r e p J s  









&s thtr res.t;rs-d end. The a- mnsero be- 

 ha ~ n c k i n g  h m t  sign ommrition rill be mci I. 6o~vi~g'. 



The dwlkion of a tzxUcm baai for bmm f&ctom, P-Q 

lacmaats &I3 -& h*d f3&lwtfasr, and ia9*b* has h 



sa-titut* (It) in eqaukm 0) &- . 



Let 44x3 a&ae sqt3a.m l t k k r 3 ~  88 e-sascd aa pi]. Eq~sfiaa (32) 

o a t h e a b e d t e m '  

I 

,&am- [dC= i. the i,lmmm & [a]. MMe-%bting %q#wuoo W) 
8 .  - .  

r ~ t h  rsyeaf co ig WhiLe h o l d i a f  % -d A; wntmt, 



*% ,a a w C! f'm&-h-=r4 ?4? 8 8 @*%@ plned-Js ,  
' . * , '  . a .  + '. - t ;  

- t&b& bb&d IDI a ~ t s i ~  &r the mm adril 



Istifihes. e ~ f Z l c l e n t w  tias . ?bs stiftbt~m factors deriwd 

$2a;a, ~ Q I  b cmkmwy, 0 bmogezue$ty s$ =term for all the 

awe* Ths dartmticm of bepa fi~ctor5 for the 
- ,  
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, . ... . %ersinn ewe tmrnbta of the htsrawj steg~ thaC ~ o i  the coapm~+ 
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t M  s&3ffmars fa&w of a a a i f ~ r m  Warn YndRr tena2osr w i t h  the far 

enid pinned can be & t e r W d s  

The aolu'tion of the spmtz%cal, built-up bears for be- 

f a o m  is o b t a i n ~ d  in the aaanner as that f%rr tbs wlfwm 
r. 

bem* the onlJ dEffe~eace being that the presence oi dAscont%n- 





S-I~E: 3i%sBnts- abont - d and solving for 9& 
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!iHixdx lar cerqytatiai {29) and let 

that rtiirmrs factar, ma- s % l S ~ ~ s  fadm and oar- .. - 
Z- ~ t w  r ~symmtri+~ b ~ t v p  rdth tb. ~.r wi ~Lbd. 

I 



. If end d 5s considered ghnedl .Q fie sepal t o  ssro 
2 

aquatiim (29) can be mitten as 

1 * - p  

! .  thew recdta  .the following equatgon for tlebranfning the stSffYPesB 

few emti pinned 



w.' The Wf/Or&W P?qwatiQn fo r  tit$mm,0 



IlibsW%ding the wlue for Sa fmm aquation (36) into equation 



Subjo~t- equations (37) (38) to tte bo-7 conditim 

l i s t e d  in (28) ihw~ resultt tn =tr& f o ~  





mTL f w ~ r  for a 

m-d d by ~ u % ~ w  a d  iht p~.raramtert 5 . ~  ~ t p n &  %* Qm 

of I& w i t h  4& neqglected due to the hmgamity of lna tSr ie l  



PFB- aa*. T&r aethod that roirld &- opppr avrt 
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$m a s l a t r f i  f m  ecpa'tionar (493 and (50) can Be writtea 







3% can b;, prowd that, for .&(I), B ( x ) ,  D(x) ' continuow 
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'W mqrul,Le in the a%ikfmam ;fac2or, eemmdauy s%tffxmos f'acda~,~ 

atxi mmy-cmr' factor treatfng enit , ck cur thar  fnpot atr;ld and a 

pa f'*& Ih 
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L" end , d lis consid.red pinned, Hd , &t equal uvo. 

s a ~ -  ba~n. w i t h  the f& exxi pinnsd & be cietemined. 

lf& 10 equal to zero. The eqqtidn Wit =salU frm differem- 

hi&- eq=t%on (63) lith mspect to % While holdiag bd 

c w * t  3s 



ai %& 
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3lfbabOr iiu eitaie for W.bMli* cm be 
< .  

8 ~ ~ '  tbs biwm&p&$ d %he tb .bU?a ehamm*risGt~ . % 

amhim ~ e , m m -  aids dmigmr In %he &1Qm 

sr#3 m@$58 d a tmma acmsioj%%ng M cmbknatlor~lk of: t;hem m:, 



c;oJd A d -  
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Qrc?er to ds- the c%r4"Wa 

.*p .nm.  W O j  birJ;g the Om-lllistrrls I;v @Ww* 
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Xf ga * I[d = O in equaticar (73). rre haw We case of a 

pen 

From %he &born ~ W t t p z 1 3 ~  2% IPX xswn that, $2 0 far zmy 

%mi b below an, the be- i s  being qm&d 

ess of tb mwrt af 

emi f ~ t y .  ~f tbe kamr is *bgmra*d at &ova 6 to 2n, 

%Pis kB3i ~ a b b  8TngA %r %b w rid- f & ~ ~ d *  X f  8 

of @XI fM?tap m% b Eaasm 



work then* w b r a  there e3dats a sylst%a of beams an& m w h r r ~ ,  it %@ 

Msm N, treat t b  imWfZfty of the sgatea t?ath13]~ tbm a 

, I 
, I , .  

SubstlL%uting the above relaidomhipa b eq.~at im (29) and r. '  ' I '.f 
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pw' atpkiwts d m  lat the olmm B . Q w  9astrix &wa [q. Sa. 

w&$et.ia icw the bxrW'b5Uty of an e L P . % % w  rastrpkred buiLt-up 
d e t r m ~ k w t  

barn is t b ~ t  the Bdt%miqat;9. af [Q] quika rsro. &qmrsed 

"mUtlrp bs* tbo vPllw cb I[o and Ed aust bs lcrmwn. 

mts equa.i;Pm can bs hvrtbr simplified by me of the quadratic 

4 
foraarla 1 the f011ming way a 
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Yomula (88) is o m n  prwymted kr text books as ths buckling 

f- ag a &gwqp ?man. TUs 3s ~%fCII~actaPcg as 1 q  as L;338 

first of &WxUity 3s the cmly node. desired. If, harem% 

m i n s t r b u t y  of m t - p  besn rigiw 
defer~im~ t 

a% bo%h en& can ba deWm&md by &%tizq the d@-.f;a & 

ZBs square matrix in equation (29) equal mm. T b b  evaluatrse -~~ ' 

- ,a fa the flrst modb of buo- for the fixsd-fiard s~~BIMJ 



%ma,& *ZI equal w. IP rn m$wt 9fJllatiQn (a) t o  ma fouam 
9 OI 

~ ~ ~ - - ,  - h 



-rcpp;Loao* 14 e m * - *  M c r ,  bo 
. , 

urr. a$ $, 4iild.w $*l%amfi ~ ~ P ~ ,  .'% a r b  urr. 1l 
'? 



f Je f e ~ ~ ~ n a n  
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The ctmtV.tl.0~1 for insW5.lit;r ia for the d s t e e b  of 

For o beam %Us.CElj;ly res'tra~ned~ equation (63) c ~ a d  be 

w ~ % t t g l  a.f'ter e m s *  ad EdXd and % ? I[& as 
! 

For a given load, retm2.t~ im two equations in 

The road for Whbh 

is tIze critical buckling load. Thd unf~rttmate pat of detemiimhg 

the wi.t%ua3. load of an  elastic^ restrained, nonunifom bsgm 
\ 

by the above  leth hod is tihe fact that variota values of axfal load 

. be mployed in order t o  obt& a plot of thez V a l .  of the. 



8 .  .',#I . . , 

'Ma- I : .  . , - 8 . 1  
, . 

. . . 8 ,..'I 5 
. ' 



Ir % and % are pl-I equal to zero in equation 001, 
' tb eqwt5on for &he fixing end mwm4is in ,terms of T;jr*fdl ' ' ' 

deflection beta-s . 

a? rg pad h are pl-d e q a  to smo in eqwti013 (a)# 
thkl equatbn for the fixing end mmntc8 5n terns of laUnal 

r.. I I - - .  P 



1- ~~nlditfw aibt W ZO b *.wed an' t b  @ + P U C ~ ~ ~ .  

@W@?.'Mebts d' tJX! OZ M w  of * W W d  b r a s r s ,  t;hafl8 

a r e ~ ~ p S z ~ d h ~ t o d e ~ t b s e a ~ l O & *  ~n' 

ntmst; pmbWsI tb& axial l a  thus *t%-raedttKsb a 1  appraocfiaateU 

cEqaa3, mtual axial lad $21 tihe zimbem C O = % * ~  their encl 

# 4 Z & h  tlmm an& fns*m at * variam ~ * s s .  'Bless two - 

%zz&mma* of i%,BmSe, ~~ IAW sat*fact$an 091 two 00ndStf~. 

TW firs* c&ticm that caza be &Uizsd zls t$e OIssmption af a 

t2ja.t am be? bposed ko tb assm&iora of f b  perm& of cri%idL 

l 3 U - a  l d  ~ f o t z s  3 2 x 3 5 s  5em w ec, OpraIte. Thw 

p@raent of m f t i d  l d  mst fDie bamxi tscrmre? ~~~bipxatcg casklam. 

%b b & % 4  b to O $ S ~ d t h  a 100 P~Q&.& Ctr ha Of the 

d ~ t a . a a r i o u s  h a a s t ~ b e q 1 e t x w a -  c+frtbap0tm92 

e d  rastFaint that does exist9 haaver, Lt  -7, for design , 



4 

might), be mcelssw to operate sons = .a l l  af the menhem 

above 100 percent &ti&, An W v E c b l  member of .a ~~t 

trass, kamver, cannat be opmated abow the critic& b w  

omditi~ar. for a kbmd ended tmztber beeam the truss cmnsistbg of 

s0~h a ne-i now be - ~ h  siince 1 0 ~  per~exrt end flidw 

aclla. pcaa2m, 'mi@. leads tct the f o U a  txtn&m2r,m: If the . , 

bwklhg laad fw all the g155*= af a t a w 8  a m  beluw the pin- 

ended bwddtbg load, the tnws 3 s  stsih3.a~ if .om ar mare atre 

tb ba&l.hg i d  P'QF a f & m & ~  beas t k t  WS 5s 

PfiXfEd.-d m u  mu* tam mMs t o  be s d d  6s 

a Prbciler in a r b  to wtablish whether ft 181 stable or uastable, - 
. -r ccladitiem %b!Lt glagt &xfss% to lslgm s ta t tu ty  %s that 

-t;hs sun twt& of the .ŝ tISPnass i'wtcm at eat& joint must mt 

The sign conventfon to be used io wt&m is tihat of 

I11odsr*,rrYlgssa~iaseccmdPrgstrrrssas, ths 

fwng exdl l.mmi3nt;s rsLst fZnt be defernrks4 The f o d a s  %tmt 

h a -  been &ximi ia this t b t  fm date- fixing end 
* 

wm=at;ra are fn trsrms of ~ a t e r r 9 f . ~ ~ ~ o r r ,  %re are wwicma , 



C@W%B8, wX'@ a m  0- fat:- fblP;t W &&~=CB f- - 
end writs other tbm lateral &fbu+irm, Far ArmC.eutc9, the 

for X 'bin& Span 

- .  
Tha eqpat9.1 for t- end mawmt. in taw of' end ra@tion % 

.' 4 , ;F- end momwit i s  







IErrt; we know that for jo int  equilikiup~~ t?ie eruar of t3.m 





P~ .C IC~BU~O fa %O XWV&PW3 a f k b ' t 3 ~ ~ ~ 5 ~  (df 'bb$ f0r"WW Qa &ld S4 

%~e1t t b m  ex%%rna2 loa& sad m;sol.sa the %rws fur %he 
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C~nsequeaw~ the wftolc sbIu%ion rm;u3t Be rtrm tkwough ogsPn. 

rat- conthws until the w2.w of SP and Sd for .tho various 

be- ax% sm31 in 0 0 ~ 1 b o n  %a khs lrrads in %I33 

a;F tms. 

Gfth the vasrala o f  tile? txw3 em3 bm, it ka pwb&b&e 

Pxo &MA* t+b v-&lae~ ol: 3oj;rat ra%t;ion ijiZlbt tb ~Z&SC defl~(f ' t%w 

~ W W S  af t b  v~f~wst b m  3 W g S n ~ ;  apu&ionrr (12), ( v ) ~  OP 

E'rom equlfrtiun (Ln), the valuss of At B, ad, aJld ua can b 

'&e V&I.UM of d =A B c m  IX @tzbst?LtuteJd h 

%?hi$ w h  dftffieu13,t~ 251 sol- 3. s BUtr9sl8b abow 3 . ~  

t b - k  inwrae of t b  m ; r t r i x  [XI mmt be determined. Fort-&&,- 
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P a m  J kTmrnC4crr - -  

%,P + I  
;f c m m  T W h ,  

 by.^ The fir5t 4Xirta ia 



The contribution of tbe first tema to % L 
M / z  = -d,,zkw/l) - - p  (F 4) 

= - d , , ' ( ~ - ~ ' ) - d L c , , ( ~ ~ l )  . 

R8 is seen in equation (I&), the contribution of the f b t  tean 

to Q 5s the sern, ar the first steP in the rim~nt distrih&m 
* 

mthod. The moment that is diatr ibut~d to qp is tha negative 

woduct of the unbalanced. moxnent at joint ' 1 and tb distrLbu+xLon 

factor at end 1 plus the negative prodact of the m k m d  

&mmt at joint 2, the &t?ibutian factor at g o i n t  2, and *the 
: b  -$ 
' Y  c v  factor fram 2 to 1. - 
, - 

! . %  
' 

C c m d & r  now the secord term wh9ch is 
' I  



The above ~~ result in a .oolum fa~a%r&x which 3 s  the 

wmen% that exLFt~ at the jo ints aftw t b  f;Zrst q o l ~  

mthod of ~lofu%kon~ then, IS: no xaom .than the mMrnOnt distribution 

m.th& ~3preased fro xna.tiF3.x form. 

, I  . 
, .  The anslyafs of a p 1 . a  trUJa for SnstabiUty v & U  be 

c;&fned to inatability within the plane of the t w s  and belm 

tkte proportional lipit of tlie mterfal involved. 

Cons%+ once =re tihe typical truss of figure 9,  ad in 



.', p .,# 8 ,. , ' 8  ' ' I  I>$ .'. 
h wdsr t o  dr&mim K I * o  varlora values & l o a d  would 

. ?  w de&~m,hdnt 
g 8  : , Mw txa be wlxgssd m d  the nwmrioa3 v&w of the &tewb 
L '  , 

, , . &fe~~tfia" T abtabd for w h  load. k plot  of %h@ va3.1.~ of this ter&rmte 

wsus  the^ load would enable the derigaer to' ob+aia €b critical 

a -5 8hd.d - W O ~  02 dm, i ( ~ r ,  w fSZ t h  htso$ua6hS 

t fba  cmtaparas$ mthOd cx@.vd @o date (to Ihe tmbhmla lcww1w) ia 

* brew@ the 1 d  in the z&unmt cSLeerWhtion prroBl$ss unti l  the 

praoetgs i s  no 5osrger cmvergente Xn both met;lW, the r~tflfmss f a w  
I I 

I S  tors of  a3.l +h &rs in tha tlusls muerb be .calnila.ted w i t b  @a& 
* ' 

wumerd load, but in the maeat diatrhtion the aamnt &hi- 

b a t h  process m t  be carrhd out for @a& load, mtil the load is 

&sen for wahQthe  process diPOrges. ~ m a s r ,  in the/ me~hoc~ pre- 

that should be madi3.y abaptable to an wimmti~ c m p t h g  SU.WJS, 

In &d%tions the satbod presented ia this *thetsb mqutreta the ern* . 
8 

genw on ~ e r o  ra-r than kfinity. W'LS alr~aya a snpgior. rithod 

c o r n r m  on 2nf"bitgI  %t i;e aft;en posgibk to  bypass the 



&I urdRts k t  makt tW h& xmm radUy app1.IcaOle for 

%he amrage desigpw, i t  should be azxgawM wild3 mm1Saa3 saw 

i;;i- h aanpI8 problem. Also, nam~ extens2ve ~~a or grwl?a 

t=& i. so, it logiopl tbpt a rtrir ( ~ p p m a ~ h  to iba prcr 
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bP - ruura~tmbr 041 %he 

DCOp = d~~zafi?brn-eQs, af & 

N~~ % b s  the st~ f iesrs  hct+ar 

a,, &er#)&a-eas 00 the s%Sfwsrrx fa* 

V = 1FiOM miat of 

H' wi&t p r  $w% o&' t h  f.3, 
W2 ~ i & %  p@r Smd of h ~ x @  
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